The gold nanoparticles (AuNPs) were prepared following the well-established protocol. S1 Briefly, all glassware was firstly cleaned in the freshly prepared K 2 Cr 2 O 7 -H 2 SO 4 (3:1) solution, thoroughly rinsed with ultrapure water, and then dried prior to use. 100 mL of HAuCl 4 solution (0.01%) was boiled under vigorous stirring. Then, 2 mL of 1% trisodium citrate solution was pipetted into the boiling solution quickly, and kept boiling for 15 min under stirring. Along with the formation of AuNPs, the solution color changed from pale yellow to brilliant red. After cooled down to room temperature, the colloidal AuNPs was stored at 4 °C. The as-prepared AuNPs were characterized on a JEM-2100 high resolution transmission electron microscopy (HR-TEM, JEOL). The HR-TEM image of AuNPs (Fig. S1 ) reveals a highly monodispersed AuNPs with an average diameter of ~16 nm.
Optimization of the amount of TdT
To achieve the best analytical performance of the proposed method, the effect of TdT dosage was investigated by varying the TdT from 0.2 U to 10 U. As shown in Fig. S2a , the PSA-aroused fluorescence intensity of the MBs increases sharply when TdT increases from 0.2 U to 10 U.
Meanwhile, the fluorescence responses of the blank control (without PSA) also show an increasing tendency along with the increase of TdT dosage. In this study, the highest S/B ratio produced by PSA to that of the blank control is obtained at 1.0 U of TdT (Fig. S2b) . Taking into consideration of relatively low background and high PSA-produced signal to realize better discrimination of the target S-3 from the blank, 1.0 U of TdT is selected for PSA analysis in this work.
It should be noted that if 1.0 U TdT is used for PSA analysis, the blank control shows a relatively high signal under the FL1 voltage of 465 V for FCM measurement (as shown in image (III) of Fig.   S2a ). So, when evaluating the analytical performance of the proposed TdT-FCI under the optimized experimental conditions (Fig. 4 in the main text) , the FL1 Voltage for the FCM analysis was rationally lowered down to 420 V to ensure a low blank signal and a wider dynamic range for PSA analysis. 
Optimization of the ratio of mAb2 and ODN on the AuNPs
In the proposed TdT-FCI strategy, the ratio of mAb2 to ODN on the AuNPs is a very important factor that may influence the sensitivity of the immunoassay. In this case, according to the standard bioconjugation procedures, different amounts of mAb2 (0.2 μg~50 μg) was firstly loaded on the AuNPs (1 mL of the as-prepared colloidal AuNPs), and then 1 nmol of excess ODN was added to prepare the mAb2-AuNPs-ODN. As indicated from Fig. S3 , the fluorescence signals of the MBs produced by the S-4 same concentration of PSA (500 pg/mL) keep almost stable with the increase of mAb2 dosage from 0.2 μg/mL to 10 μg/mL, and then show a gradually decreasing tendency from 10 μg/mL to 50 μg/mL. This is probably because if too much mAb2 are firstly immobilized on the AuNPs, the capacity of the AuNPs for loading ODN will be inevitably decreased, which will obviously lower the efficiency of the TdT-catalyzed signal amplification. It should be noted that the signals of the blank without PSA almost keep constant irrespective of the variation of mAb2 amount. In consideration of both low detection limit of target PSA and high stability of the immunoreaction, 10 μg/mL mAb2 is selected for the preparation of mAb2-AuNPs-ODN conjugates in this work. 
Generality evaluation of the TdT-FCI for the detection of different antigens
S-5 It is worth noting that the detection limits of PSA and CEA seem relatively higher than that of PSA, which should be possibly ascribed to the much larger molecular weight of AFP and CEA than PSA, as well as the affinity differences for the target-mediated immunoreactions. Table S1 . Comparison between the proposed TdT-FCI with other analytical methods for the detection of PSA. 
Comparison of different analytical methods for PSA detection

